The paramedian forehead flap is considered the gold standard procedure to optimally reconstruct major defects of the nose, but this procedure generally requires 2 stages, where the flap pedicle is divided 3 weeks following the initial surgery to ensure adequate revascularization of the flap from the surrounding recipient tissue bed, which can cost a patient time out of work or away from normal social habits. It has previously been shown that the pedicle may be safely divided after 2 weeks in select patients where revascularization from the recipient bed was confirmed using intraoperative laser fluorescence angiography to potentially save the patient time and money.
T he paramedian forehead flap is considered the gold standard procedure to optimally reconstruct major defects of the nose, often with excellent outcomes. 1 This procedure generally requires 2 stages, where the flap pedicle is divided 3 weeks following the initial surgery to ensure adequate revascularization of the flap from the surrounding recipient tissue bed. 2 The staging of the procedure can cost a patient time out of work or away from normal social habits because the patient needs to live with a pedicle connecting the nose to the forehead. We have previously shown that the pedicle may be safely divided after 2 weeks in select patients where revascularization from the recipient bed was confirmed using intraoperative laser fluorescence angiography (SPY Elite, NOVADAQ). 3 We aim to determine whether this approach can minimize overall costs when compared with the 3-week timeframe for pedicle division.
Methods
Following institutional review board approval from Stanford University, a retrospective cohort study was conducted. Inclusion criteria were all patients who underwent a paramedian forehead flap procedure by the senior (S.P.M.) author between January 2007 and December 2016, and in whom laser fluorescence angiography was performed prior to pedicle division 2 weeks after the first stage (early division). There were no exclusions. Laser fluorescence angiography was performed by using indocyanine green (ICG), a short-acting diagnostic dye that is confined to the intravascular system, binds to plasma proteins, and has absorption and fluorescence, which occur at similar wavelengths as hemoglobin and oxyhemoglobin, allowing visualization of structures deep to the dermis.
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The SPY Elite system is used to visualize the perfusion of the ICG in real time, over a 30-to 60-second time frame.
For all patients, we evaluated age, sex, and comorbidities. Indications for the procedure were recorded, and tumor histology was recorded for patients with postcancer resection defects. Defect data including size, depth of defect, and use of cartilage grafting were recorded. Complications were recorded for all patients.
The type of cost-effectiveness analysis performed was costminimization analysis. 5 The analysis was performed by calculating the total variable costs for a patient in our cohort (early division) and comparing these costs with a theoretical patient for which angiography was not performed and the pedicle was divided at the 3-week mark (late division). Cost analysis was undertaken from both the health care sector and societal perspectives. 5 The variable health care sector expenses are mainly the cost of the use the SPY Elite system with ICG for a single patient. The societal perspective included changes in patient productivity that are measured in terms of weekly wage.
Results
A total of 22 patients were included. Procedures were performed between November 2010 and July 2016. Patient and defect data are presented in the 
Discussion
We have demonstrated again 3 that 2-week division of the forehead flap pedicle may be performed safely without any incidence of partial or total flap loss in a select patient population. As outlined in our previous study, 3 the selection criteria for 2-week division of the pedicle are a wound bed with at least 50% vascularized tissue present (exposed cartilage does not count as vascularized tissue), partial-thickness defects, and absence of nicotine use. 3 In a previous study at our center, 7 we have shown that there is significant neovascularization seen as early as week 1. Based on our review of the literature, we believe this is the first study to demonstrate that the use of angiography with ICG is cost-effective when used to divide the forehead flap pedicle after 2 weeks, achieving $177 savings per patient. While not
Key Points
Question Can 2-week division of the forehead flap for nasal reconstruction with verification using intraoperative laser fluorescence angiography minimize overall costs when compared with the 3-week timeframe for pedicle division?
Findings A cost-effectiveness analysis of a sample of 22 patients who underwent 2-week division of the forehead flap after nasal reconstruction was performed. There were no instances of flap loss, and cost-minimization analysis showed that the use of angiography with indocyanine green results in cost savings of $177 per patient on average.
Meaning Two-week takedown of select forehead flap patients with verification using intraoperative laser fluorescence angiography is safe and cost-effective, with cost savings of $177 per patient. taken into account herein, early flap takedown also has considerable benefit in reducing the psychosocial impact of forehead flap surgery on patients. Taken together, this indicates that use of ICG to reduce the time between flap procedures is valuable to both the patient and the health care system. There is no account for the number of paramedian forehead flap procedures performed annually. However, from 2006 to 2012, there was an increase from 1.9 to 2.2 million (14%) procedures for nonmelanoma skin cancer, 8 and it is currently the most common malignancy in the United States. 9 This represents a potential opportunity for cost savings.
To our knowledge, our study is the largest study in the English literature to date comparing timing of paramedian forehead flap takedown and assessing outcomes. It also is the largest review where ICG laser fluorescence angiography has been used to assess paramedian forehead flap vascularity prior to flap takedown, and we show that it is safe and cost-effective to perform the second stage in 2 weeks or less in select patients using angiography with ICG.
Limitations
This study was limited by its retrospective nature and limited sample size. Also, an inherent weakness of our costminimization analysis is that measuring productivity by wages represents a value judgement and may not apply to the pediatric population, to a retired population, and was not calculated from a profession-based perspective as this data was not available. A future perspective would be to perform larger studies to establish the safety of a 2-week takedown, which would eventually obviate the use of ICG angiography and produce even more cost savings.
Conclusions
Two-week takedown of select paramedian forehead flap patients can be performed safely with verification using angiography with ICG. Although this technology inherently adds cost up front, it is cost-effective, saving a total of $177 per patient. 
